The authors present an SU-8 cantilever chip with integrated piezoresistors for detection of surface stress changes due to adsorption of biomolecules on the cantilever surface. Mercaptohexanol is used as a model biomolecule to study molecular interactions with Au-coated SU-8 cantilevers and surface stress changes of about 0.1 N / m are observed. The measurements indicate that the SU-8 surface is inert to mercaptohexanol molecules, which enables the use of a bare SU-8 cantilever as a reference. Moreover, the sensitivity of the cantilevers to pH changes is presented. The results demonstrate that SU-8 cantilevers are a promising alternative to Si-based cantilevers. © 2006 American Institute of Physics. ͓DOI: 10.1063/1.2364843͔
The photosensitive epoxy-based polymer SU-8 is becoming widely used for all kinds of micromechanical and microfluidic devices not only as a photoresist but also as the constitutional material of the device. We have developed a cantilever sensor fabricated in SU-8 where the readout is an integrated strain sensor made of Au.
1 Cantilever sensors can be used for label-free biochemical detection, when the cantilever is functionalized with a sensing layer that interacts with the target biomolecule, 2 see Fig. 1 . Label-free detection of DNA 4 and proteins 5 has been demonstrated using cantilever-based sensors. Due to the micrometer-sized cantilever, this technique allows for high sensitivity measurements with low reagent consumption. Conventionally, cantilevers are fabricated in Si-based materials but due to the low Young modulus of SU-8, cantilevers made in SU-8 have even better sensitivity. Moreover, SU-8 has excellent chemical resistance and the fabrication of the chips is much faster and requires less equipment compared to Si processing. This makes the final device cheaper than conventional Si-based sensors. Surface stress measurements have been demonstrated using polymer-based cantilevers for optical readout, such as SU-8 cantilevers 6 and laser machined polyethylene terephthalate cantilevers. 7 Here, we present an SU-8-based cantilever chip with integrated Au piezoresistors for readout. By using integrated electrical readout, instead of optical readout, the sensor device can be made more compact. We have previously demonstrated measurements in gas phase using these SU-8 cantilevers and here we present results from measurements in liquid phase. The SU-8 chip is mounted on a printed circuit board and the electrical interconnection is achieved either by flip-chip bonding or by using silver paste. 8 A small microfluidic system, where tubes can be easily and reversibly attached, has been fabricated in polymethyl methacrylate and polydimethylsiloxane ͑PDMS͒ by micromilling.
Interaction of molecules on one side of the cantilever induces a bending of the cantilever which results in a resistance change ͑⌬R͒ in the integrated piezoresistor. To minimize the noise and drift of the output signal, the resistors are connected in a Wheatstone bridge configuration and a reference cantilever is used for all measurements. The change in surface stress ⌬ s can be expressed as ⌬ s = A⌬V out / V in , where V out is the output voltage from the Wheatstone bridge and V in is the input voltage. A is a constant which depends on the surface stress sensitivity of the cantilever which in turn depends on the geometry of the cantilever, the gauge factor of the piezoresistor, and Young's modulus and Poisson's ratio of the cantilever materials. 9 Young's modulus of SU-8 is about 3. ͑PR 100, UVP Inc.͒ for 30 min to remove contamination. Contact angle measurements show that Au surfaces become very hydrophilic after 10 min of UV/ozone treatment which indicates that contaminants are removed. The same is observed for Au surfaces with immobilized thiols which indicates that the chips can be reused after the UV/ozone treatment. 6-mercapto-1-hexanol ͑SH-C 6 H 12 -OH͒ ͑MCH͒ is dissolved in MilliQ and is injected into the chamber at a pump rate of 10 l / min. As seen in Fig. 3 , the resulting surface stress increases from about 0.06 to 0.16 N / m when the thiol concentration increases from 0.2 to 0.5 mM. For a concentration of 1 mM the surface stress change is about 0.24 N / m. The results are comparable to previously reported surface stress measurements using alkanethiols. 10 To investigate if there are any unspecific interactions between the MCH and the Au or SU-8 surfaces, hexanol ͑C 6 H 13 -OH͒ is also injected into the microfluidic system. Since hexanol does not have a thiol group it should not chemisorb on the Au surface. As expected, basically no cantilever response is observed when hexanol is injected. This also indicates that there are no interactions between the thiol molecules and the SU-8 surface. To further verify this, MCH measurements are also done where the reference cantilever is coated with 150 Å Ti to have an inert top surface of the reference cantilever. The measurements result in about the same voltage change as for an uncoated reference cantilever which suggests that an uncoated SU-8 cantilever is a good reference cantilever. This makes the thiol experiments simple since no blocking of the SU-8 surface is required. This is an advantage over Si-based cantilevers where unspecific interactions with the thiol molecules are often observed.
To better understand the properties of the SU-8 cantilevers and their response to chemical stimuli, the influence of pH on the Au-coated SU-8 cantilevers is also investigated. Freshly made solutions of varying concentrations of HCl and NaOH in MilliQ water are used for the measurements. When the solution is switched back to MilliQ the cantilever returns to its initial position, see Fig. 4 . The cantilever bends towards the Au side for both increasing and decreasing pH values. Similar behavior has been observed for Au-coated SiO 2 cantilevers. 11 The deflection of the cantilever can be due to both Cl − ions interacting with the Au layer and OH − groups interacting with the SU-8 surface. The observed surface stress changes are comparable to results obtained using SU-8 cantilevers with optical readout which demonstrate that SU-8 cantilevers are less sensitive to pH changes than Sibased cantilevers. 6 This is an advantage since it will reduce the influence of changes in ion concentration on the resulting output signal from the molecular recognition event. The reproducibility of the pH measurements is considerably better than for the MCH measurements. which suggests that the chemisoption on the Au surface is more difficult to control. Using the same chip and the same concentration, the MCH measurements can differ by more than a factor of 2 while the pH measurements differ by less than 5%.
One possibility is that the Au surface is contaminated by silicones from the PDMS in the microfluidic system. 12 In conclusion, SU-8 cantilever chips with integrated piezoresistive readout and a microfluidic system are presented. The device is characterized by measuring the response to pH changes and chemisorption of MCH molecules. The results demonstrate that SU-8 cantilevers can be used for detecting small surface stress changes in liquid. This makes the SU-8 cantilevers more attractive since they have a number of advantages compared to Si-based cantilevers such as being less expensive and easier to fabricate. Moreover, by using integrated readout as presented here, a compact device that is straightforward to use is accomplished. The sensitivity of the cantilevers might be further improved by making the cantilevers thinner, by using a piezoresistor material with a higher gauge factor, or by removing the top Au coating and instead 
